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57 ABSTRACT 

A method of making a hard constituent powder coated with 
Co and/or Ni in a solution by liquid reduction of the Co 
and/or Ni from a suitable metal compound with a polyol 
while keeping the powder in suspension, the polyol func 
tioning both as a solvent and as a reducing agent at the same 
time. By separating the intermediate solid compound and 
hard constituent from the suspension before any by-products 
are formed and reducing the intermediate solid compound in 
the dry state by H for around 24 hours or by using an excess 
of about 10 times more moles polyol than moles metal, the 
polyol can be conserved or reused leading to improved cost 
efficiency of the process. 

13 Claims, No Drawings 
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METHOD OF MAKING METAL COMPOSTE 
POWDER 

This application is a continuation, of application Ser. No. 
08/718,701, filed Sep. 27, 1996 now abandoned. 

FIELD OF THE INVENTION 

The present invention relates to a method of producing 
metal composite powder such as for example cemented 
carbide. 

BACKGROUND OF THE INVENTION 

U.S. Pat. No. 5,529,804, the disclosure of which is hereby 
incorporated by reference, discloses a method of coating 
hard constituent powders with Co and/or Ni with the polyol 
process disclosed in U.S. Pat. No. 4,539,041 and used today 
for the manufacture of cobalt and nickel metal powders with 
a small particle size. According to U.S. Pat. No. 5,529.804, 
hard constituent powder in suspension in a polyol solution 
containing an oxide, hydroxide or salt of Co and/or Ni 
during reduction of cobalt and nickel by the polyol obtains 
a cobalt and/or nickel metal precipitation on the surface. The 
metals are precipitated with a quite even distribution over 
the surface of the carbides without forming separate islands. 
However, the requirement of a large excess of ethylene 
glycol and the technical difficulties in separating and remov 
ing the ethylene glycol oxidation by-products interfere with 
the economy of the process. Further, a mixture of 
by-products are formed during the reduction which compli 
cates separation of un-reacted ethylene glycol. A suitable 
strategy to improve the process economy is to recycle or 
decrease an excess amount of ethylene glycol needed for the 
cobalt or nickel reduction. 

SUMMARY OF THE INVENTION 

It is an object of this invention to avoid or alleviate 
disadvantages and/or problems of the prior art. 

It is a further object of the present invention to improve 
the cost efficiency of the process for coating hard constituent 
powders with cobalt or nickel metal using the polyol process 
disclosed in U.S. Pat. No. 5,529,804. 
According to the invention, a metal composite powder is 

made by a process in which consumption of polyol is 
reduced. In the process, a hard constituent powder is coated 
with metal comprising Co and/or Ni, the coating being 
carried out by reacting a solution containing a compound of 
the metal with a polyol while keeping the hard constituent 
powder in suspension, the polyol simultaneously function 
ing as a solvent and as a reducing agent and the polyol being 
present in excess relative to a stoichiometric amount of 
polyol to metal sufficient to form an intermediate solid 
compound containing Co" and/or Ni on the hard con 
stituent powder, the method comprising interrupting the 
reaction and separating an intermediate solid compound and 
the hard constituent powder from the suspension before any 
oxidation by-products are formed in the solution followed 
by a heat treatment which reduces the intermediate solid 
compound to a metal coating on the hard constituent powder 
or using an excess of polyol of less than five times the 
stoichiometric amount. 

DETALED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

The invention provides a method for improving cost 
efficiency of a process for coating hard constituent powders 
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2 
with cobalt or nickel using a polyol process as disclosed in 
U.S. Pat. No. 5,529.804. The efficiency can be improved by 
reducing the consumption of ethylene glycol such as by 
incorporating a heat treatment in the process or by recycling 
ethylene glycol at a stage of the process at which oxidation 
by-products do not interfere with the desired reaction. 

In a first embodiment of the present invention, the con 
sumption of ethylene glycol is economized by interrupting 
the reaction before any oxidation by-products are formed in 
the solution and completing the metal reduction by heat 
treatment in the dry state. A complete reduction of the Co' 
in the intermediate phase on WC can be accomplished by 
reduction in H at 550° C. for 24 hours. In this way, only a 
stoichiometric amount of the ethylene glycol is consumed 
and the excess of ethylene glycol is prevented from being 
polluted with the oxidation by-products that are formed 
when Co" is reduced in solution. The ethylene glycol can 
thus be re-used several times without purification. 

In a second embodiment, the ethylene glycol that has been 
used for reducing one batch of Co(OH) to cobalt metal on 
WC is re-used in an identical cobalt reduction. If an excess 
of about 10 times of ethylene glycol is used there is sufficient 
un-reacted ethylene glycol left in the reaction mixture to 
reduce an additional amount of Co(OH)2. It has been found 
that the by-products present do not interfere with the reac 
tion. Re-using ethylene glycol in a reaction period of one 
hour is more efficient than re-using it in a five hour reduction 
period. The cobalt in the powders is reduced by H. in the dry 
State. 

In a third embodiment, the excess of ethylene glycol is 
reduced by a factor of two and more. Normally an excess of 
10 times the stoichiometric amount of cobalt is used to 
achieve adequate stirring of the highly viscous suspension. 
Preferably, the excess is reduced to 5 times and even to 3 
times the stoichiometric amount. In this case, the stirring of 
the suspension becomes less effective since the mixture 
becomes highly viscous. However, the stirring has been 
found to be sufficient to give a rather even distribution of the 
precipitated cobalt metal on the WC surface. By using an 
excess of 3-4 times of the ethylene glycol, complete reduc 
tion of the cobalt is still achieved but the distribution of the 
cobalt metal on the WC surface is less even compared to 
when a larger excess is used. Decrease of the ethylene glycol 
excess is more easily accomplished when WC is kept in 
suspension compared to when (Ti,W)C is kept in suspension 
where an excess of no less than 5 times should be used. In 
the case of nickel, the reduction is generally faster, the yield 
is higher and the reduction seems to require a smaller excess 
of ethylene glycol. 

Preferably, the process economy is optimized by a com 
bination of separation of the intermediate solid compound 
and WC from the ethylene glycol mixture after 15-60 
minutes of reaction and reduction of the intermediate solid 
compound in the dry state by H at 550° C. for around 24 
hours combined with re-use of the ethylene glycol. This 
would best be accomplished in a crosscurrent mode. 

In an alternative method, colloidal Co(OH) is precipi 
tated from an aqueous solution of Co(CHCOO)4H2O by 
addition of NH or a hydroxide. A precipitate is formed on 
the WC surface which is separated from the solution and 
reduced by heat treatment in the dry state. 
The invention has been described with reference to WC 

and Cobut can also be applied to Ni. (WTi)C and other hard 
constituents. 
The invention is additionally illustrated in connection 

with the following Examples which are to be considered as 
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illustrative of the present invention. It should be understood, 
however, that the invention is not limited to the specific 
details of the Examples. 

EXAMPLE 1. 

94 g WC was suspended in 120 ml of ethylene glycol in 
a 500 ml stirred glass reactor equipped with a thermometer 
and an air-cooled condenser for the removal of volatile 
by-products while most of the ethylene glycol was recycled. 
10.07 g Co(OH) was added while stirring. The excess of 
ethylene glycol was 10 times the stoichiometric amount. The 
amount of dry substance was 44 weight %. The suspension 
was heated above 180° C. and was kept at this temperature 
for the given reaction time. The solid phase was then 
separated from the ethylene glycol by centrifugation, 
washed with ethanol and dried overnight at 40° C. 
The product mixtures obtained after the investigated 

reaction times of 30, 45, 60, 75, 90 and 120 minutes 
consisted in all cases of two partially mixed solid phases. 
One grey phase of WC and one phase that varied in color 
with the reaction time from pink after 30 minutes of reaction 
to purple after one hour and then back to pink after 75 
minutes of reaction and finally the phase turned brown or 
reddish-brown after 120 minutes of reaction. The residual 
ethylene glycol phase was in all cases turbid. After several 
days of sedimentation, the ethylene glycol became clear 
with a gelatinous brown phase at the bottom. 
The color of the ethylene glycol had turned yellow after 

30 minutes of reaction and yellow-brown after 45 minutes of 
reaction. After 75 minutes the residual ethylene glycol had 
obtained a dark brown color. 

Two different phases could be distinguished in SEM 
microscopy. The phases were mixed to some extent but there 
were also particles of around 10 um present consisting of a 
phase different from WC and cobalt metal. 
The X-ray powder diffraction showed that the strongest 

peak of the intermediate complex of Co" and ethylene 
glycol could be detected in all samples. After 90 minutes of 
reaction the strongest peak from cobalt metal starts to 
become distinguishable. 
The yield of cobalt in the samples varied between 80 and 

94%. 

EXAMPLE 2 

The sample reduced during one hour was used for further 
experiments where the solid phase was reduced by heat 
treatment in the dry state. The samples used for the reduction 
by heat treatment in the dry state were reduced in ethylene 
glycol for one hour before separation and consisted of two 
partially mixed solid phases: one grey WC phase and one 
pink Co-ethylene glycol complex phase. 

After reduction under H atmosphere at 550° C. for 24 
hours the sample appeared homogeneously grey in color, 
SEM-examination showed that there were spherical, pre 
sumably cobalt metal particles present as well as particles 
around 10 um consisting of a phase other than WC and 
similar to the particles present before the reduction. 

In the X-ray powder diffraction spectrum only WC and 
cobalt metal (cubic) were detected. 

EXAMPLE 3 

28.2 g of WC was suspended in 35 ml of ethylene glycol 
that had already been used in one identical reduction using 
the same apparatus as in Example 1. 2.97 g Co(OH)2 was 
added while stirring. The excess of ethylene glycol was 10 
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times the stoichiometric amount and the amount of dry 
substance was 44 weight %. The suspension was heated with 
adequate stirring and allowed to boil for five hours and one 
hour, respectively, The solid phase was then separated from 
the ethylene glycol by centrifugation, washed with ethanol 
and dried at 40° C. overnight. 
The sample obtained after re-using an ethylene glycol 

mixture from a five hour reduction in an additional reduction 
of the same amount of Co(OH) for 5 hours consisted of two 
partially mixed phases: one grey WC phase and one white 
pink phase. In the SEM, two different phases could be 
distinguished that were partially mixed but a phase other 
than WC also formed separate islands of >10pm. The X-ray 
powder diffraction spectrum showed no cobalt metal 
present. Only peaks from WC and from unidentified phases 
were found. 
The sample obtained after re-using an ethylene glycol 

mixture from a one hour reduction to reduce the same 
amount of Co(OH) again for one hour also consisted of two 
partially mixed phases: one grey WC phase and one pink 
phase. In the SEM. the sample looked the same as the 
sample obtained after one hour of reduction in fresh ethylene 
glycol. In the X-ray powder diffraction spectrum, no other 
peaks than those for WC could be detected. The total yield 
of cobalt in these two samples was around 87%. 

EXAMPLE 4 

18.8g WC was suspended in 11.5 ml ethylene glycol in 
a 250 ml stirred glass reactor using the same apparatus as in 
Example 1.2.02 g Co(OH) was added while stirring and the 
suspension was heated until boiling. The excess of ethylene 
glycol was 5 times the stoichiometric amount and the 
amount of dry substance was 62 weight %. The reaction 
mixture was allowed to boil for 5 hours and the solid phase 
was then separated from the ethylene glycol by 
centrifugation, washed in ethanol and dried at 40°C. over 
night. 
The same reaction procedures were then repeated but with 

the excess of ethylene glycol reduced further to 9 ml 
corresponding to an excess of between 3 and 4 times the 
stoichiometric amount (some ethylene glycol was lost dur 
ing the distillation) and the amount of dry substance was 68 
weight %. 

In both experiments, using 5 and 3-4 times excess of 
ethylene glycol for five hours of reaction, the samples 
appeared to be homogeneously grey. SEM-studies showed 
that there were spherical cobalt metal particles present on 
the WC surface and no other separate phase present. The 
spherical particles appeared to be somewhat more evenly 
distributed on the WC surface when an excess of 5 times of 
ethylene glycol was used as compared to when an excess of 
3-4 times was used. 

In the X-ray powder diffraction spectra, only peaks from 
cobalt metal and WC could be detected in both samples. The 
yield of cobalt metal seemed to decrease when the excess of 
ethylene glycol was decreased and was 85% in these experi 
ments as compared to 94% when 10 times excess of ethylene 
glycol was used. 

EXAMPLE 5 

26.7 g of (WTi)C was suspended in 35 ml of ethylene 
glycol that had already been used in one identical reduction. 
(the ethylene glycol contained a small amount of HSO to 
increase the solubility of Ni(OH). The excess of ethylene 
glycol was 5 times the stoichiometric amount and the 
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amount of dry substance was 44 weight %. 5.69 g Ni(OH)2 
was added while stirring. The suspension was heated with 
adequate stirring and allowed to boil for 5 hours. The solid 
phase was then separated from the ethylene glycol by 
centrifugation, washed with ethanol and dried at 40° C. 
overnight. 
The precipitate was homogeneously grey in color. The 

SEM micrographs showed an even distribution of spherical 
particles with a particle size of around 1 pm on the (WTi)C 
surface. In the X-ray powder diffraction spectrum, no other 
peaks than those of nickel metal and (W.Ti)C could be 
detected. The yield of nickel was 99%. 

EXAMPLE 6 

13.489 g Co(CHCOO)4HO was dissolved in 50 ml 
water by heating. 47 g WC was suspended and a solution of 
4.07 g NaOH (stoichiometric amount) dissolved in 10 ml 
water was added drop-wise during five minutes while stir 
ring. The reaction mixture was stirred for another 20 minutes 
and the solid phase was then separated from the water by 
filtration, washed with water and dried at 40° C. overnight. 
The sample appeared to be homogeneously dark in color 

with a quite even distribution of an amorphous phase on the 
surface of WC. In the X-ray powder diffraction spectrum, 
only the peaks from WC and Co(OH) could be observed. 
The yield of cobalt was 87%. 
The foregoing has described the principles, preferred 

embodiments and modes of operation of the present inven 
tion. However, the invention should not be construed as 
being limited to the particular embodiments discussed. Thus, 
the above-described embodiments should be regarded as 
illustrative rather than restrictive, and it should be appreci 
ated that variations may be made in those embodiments by 
workers skilled in the art without departing from the scope 
of the present invention as defined by the following claims. 
What is claimed is: 
1. A method of coating a powder selected from carbides, 

nitrides and/or carbonitrides with metal comprising Co 
and/or Ni, the coating being carried out during reaction of a 
solution containing a compound of the metal with a polyol 
while keeping the powder in a suspension including the 
solution, the polyol simultaneously functioning as a solvent 
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and as a reducing agent and the polyol being present in 
excess relative to a stoichiometric amount of polyol to metal 
which forms an intermediate solid compound containing 
Co" and/or Ni’" on the powder, the method comprising 
interrupting the reaction and separating an intermediate solid 
compound and the powder from the suspension before any 
oxidation by-products are formed in the solution followed 
by heat treating the intermediate solid compound so as to 
reduce the intermediate solid compound and provide a 
coating of the metal on the powder. 

2. The method of claim 1, wherein the polyol comprises 
ethylene glycol. 

3. The method of claim 1, wherein the metal comprises 
cobalt and the powder comprises WC. 

4. The method of claim 1, wherein the intermediate solid 
compound comprises Co(OH) or Ni(OH) or mixture 
thereof. 

5. The method of claim 1, wherein the reaction is carried 
out for less than six hours. 

6. The method of claim 1, wherein the intermediate solid 
compound is precipitated from the solution by addition of 
NH, or a hydroxide. 

7. The method of claim 1, wherein the metal compound 
comprises a metal salt. 

8. The method of claim 1, wherein the heat treatment is 
carried out in a hydrogen atmosphere. 

9. The method of claim 1, wherein the heat treatment is 
carried out at a temperature of at least 300° C. for at least one 
hour. 

10. The method of claim 1, wherein the heat treatment is 
carried out at a temperature of less than 100° C. for at least 
eight hours. 

11. The method of claim 1, wherein the polyol separated 
from the suspension is reused by repeating the process with 
a different batch of powder. 

12. The method of claim 1, wherein the excess of polyol 
is about 10 times the stoichiometric amount. 

13. The method of claim 1, wherein the powder comprises 
(Ti,W)C and the excess of polyol is at least five times the 
stoichiometric amount. 


